Abstract: Extramedullary relapses of acute lymphoblastic leukemia in children and young adults are rare and in most cases are usually related to the central nervous system or testes. We describe a case of a 25-yearold man with an acute lymphoblastic leukemia with multiple extramedullary relapses in the testes, gallbladder, breast, parotid gland and eye at various times (Fig. 5 Leukemia is a systemic hematological disorder and may affect all organs of the body. The acute lymphoblastic leukemia (ALL) is one of the most aggressive hematological malignancies. About 25-30 % of patients with ALL experience a recurrence of the disease. The relapse most often involves the bone marrow. Extramedullary ALL relapses are rare and typically involve sequestered sites such as the testes, central nervous system, spleen, liver, kidney, spine and eye (1, 2). Extramedullary relapses in the breast, parotid gland and gallbladder are extremely rare (3-10). We describe the clinical presentation and imaging features of a patient with ALL involving extramedullary relapse in the testes, gallbladder, breast, parotid glands, and eye at various times.
Leukemia is a systemic hematological disorder and may affect all organs of the body. The acute lymphoblastic leukemia (ALL) is one of the most aggressive hematological malignancies. About 25-30 % of patients with ALL experience a recurrence of the disease. The relapse most often involves the bone marrow. Extramedullary ALL relapses are rare and typically involve sequestered sites such as the testes, central nervous system, spleen, liver, kidney, spine and eye (1, 2) . Extramedullary relapses in the breast, parotid gland and gallbladder are extremely rare (3) (4) (5) (6) (7) (8) (9) (10) . We describe the clinical presentation and imaging features of a patient with ALL involving extramedullary relapse in the testes, gallbladder, breast, parotid glands, and eye at various times.
Case report
A 25-year-old-male patient was diagnosed with the acute lymphoblastic leukemia (ALL) in June 2002. A complete remission was obtained after the chemotherapy for remission induction. He was treated with prophylactic radiotherapy to the central nervous system and consolidation and maintenance therapy. The patient was admitted to the hospital for investigation of a palpable mass in the testes in April 2005. Physical examination revealed a bilateral testicular enlargement and hepatosplenomegaly. Hepatosplenomegaly was also confi rmed in abdominal ultrasound. There was no focal involvement in the liver or spleen. Scrotal ultrasound revealed a heterogeneous hypoechoic enlarged mass in the right testes and hypoechoic solid masses in the left testes ( Figs 1A, B) . The ultrasound fi ndings were consistent with leukemic infi ltration of both testicles. Orchidectomy was performed and pathological examination confi rmed the diagnosis of ALL infi ltration. Bone marrow biopsy showed blast cell infi ltration. Second complete remission was obtained with the L-asparagines, vincristine, daunorubicin, prednisolone and cyclophosphamide. Then he was treated by consolidation and maintenance therapy. Hepatosplenomegaly was determined at the physical examination in December 2005. The computed tomography confi rmed hepatosplenomegaly and splenomegaly. Splenoctomy and cholecystectomy was performed. Pathological examination revealed a nodular lesion of 2 cm in diameter located in the fundus of the gallbladder. Microscopic Breast ultrasound revealed a solid, lobulated 5x4 cm mass. The center of the mass was markedly hypoechoic, with an echogenic rim at the periphery. In the color Doppler ultrasound, the lesion was hypervascular in the center. The appearance of the mass at ultrasound was consistent with malignancy. Breast MRI showed a bilateral multiple solid mass with irregular contours, the largest of which measured 4.5x4 cm in diameter in the right retroareolar area. The masses were hypointense on T1WI and hyperintense on T2WI, and in addition to homogenous enhancement in the early post-contrast T1WI there was also a diffuse skin thickening on the left (Figs 3A, B) . The patient underwent fi ne-needle aspiration biopsy. Histopathological examination demonstrated leukemic infi ltration of the breast. A non-myeloblastive allogenic bone marrow transplant was performed and remission was achieved in Ultrasound showed an enlargement and heterogeneous echogenity at the parotid glands. There were hypoechoic lymph nodes 5 to 15 mm in diameter within the bilateral parotid gland (Fig. 4A) . MRI of the neck and eyes was performed. This showed a heterogeneous enlargement at the parotid glands on T1WI and T2WI. There were multiple lymph nodes, hypointense on T1WI and hyperintense on T2WI, within the parotid glands (Fig 4B) . Ophthalmoscopic examination revealed a retinal elevation close to the optic disk with no signs of retinal hemorrhage. MRI also revealed an abnormal curvilinear retinal thickening with a diameter up to 2 mm in the right eye. This retinal thickening was hypointense on T1WI and hyperintense on T2WI and showed a diffuse enhancement on T1-weighed images with Gd-DTPA enhancement ( Figs 5A, B) . The patient was admitted to hospital and chemotherapy was initiated. Unfortunately, he died from a multi-organ failure.
Discussion
Leukemia is a systemic hematological disorder and may affect all organs of the body with diverse clinical manifestations. ALL is the one of the most common and aggressive hematological malignancies. About 25-30 % of patients with ALL experience a recurrence of the disease. Leukemic relapse can present as either hematopoietic or extramedullary relapse of ALL in adults. The bone marrow is the most common site for recurrence. Approximately 25 % of relapses are extramedullary (1, 2). The central nervous system and testes, so called sanctuary sites, are the predominant sites of isolated extramedullary disease, while relapses to other localizations are exceedingly rare (11) . There are few reports in the literature on relapses affecting the kidneys, eyes, muscles, ovaries, lachrymal gland, abdominal lymph nodes, bones, thoracic wall, mediastinum, orbit, heart or breast (12, 13) .
The testicle is the most common site of extramedullary leukemia relapse in males (1) . It is believed that the testes act as a sanctuary site for leukemia cells during chemotherapy. About one-third of patients with testicular relapse have clinical involvement of both testes. Ultrasound is a typical imaging method of choice for evaluating the testicles. Diffuse infi ltration, producing diffusely enlarged, hypoechoic testes, is the most frequent presentation. Hypoechoic areas and anechoic masses have been described (14) . In our case, ultrasound demonstrated both diffuse and nodular leukemic infi ltration in the testes .The right testes was heterogeneously hypoechoic, and there were hypoechoic solid nodular masses in the left testes.
Leukemic infi ltration of the gallbladder is unusual, although infi ltration of the gastrointestinal tract may also occur. We discovered only 5 case reports describing a relapse of acute lymphoblastic leukemia presenting as leukemic infi ltration of the gallbladder wall (3-6, 5). Leukemic infi ltration of the gallbladder can present as cholecystitis (3), which was absent in our case. Infi ltration of the gallbladder was diagnosed at laparotomy. Histopathological examination showed a nodular infi ltration in the fundus and diffuse infi ltration in the other wall of the gallbladder.
The breast involvement in acute leukemia is extremely rare and occurs mostly in patients with acute myeloid leukemia. The disease was usually present bilaterally as multiple nodules (7). The ultrasound appearance of acute myeloid leukemia in the breast has been reported as areas of mixed echogenity with or without some acoustic shadowing. The ultrasound appearance of the breast involvement in the acute lymphoblastic leukemia has been reported as a mass with a markedly hypoechoic center and an echogenic rim at the periphery (7, 15, 16) . In our case, ultrasound appearance was similar to that reported by Likaki-Karatza et al (7) . The center of the mass was markedly hypoechoic with an echogenic rim at the periphery. The lesion was hypervascular in the center at color Doppler US. The masses were hypointense on T1WI and hyperintense on T2WI, and homogenous enhancement was visible on early post-contrast T1WI.
The ocular lesions are not rare in cases of leukemia and are the third-most-frequent extramedullary location of acute leukemia after the central nervous system and testicles (17) . The ocular manifestations are associated with a direct infi ltration by leukemia, hemorrhage, ischemia, or toxicity due to various chemotherapeutic agents (18, 19) . Almost all ocular structures have been found to be involved in patients with various type of leukemia (19, 20) . The retina is involved in leukemia more often than any other ocular tissue. Leukemic infi ltrates and hemorrhages are found at all levels of the retina, but especially in the inner layers with focal destruction. Total retinal detachment may present as an isolated relapse because of large leukemic infi ltrates (19) . In our case, MRI demonstrated a leukemic involvement of the retina. There was a curvilinear thickening in the retina, hypointense on T1WI and hyperintense on T2WI, and diffuse enhancing on the contrastenhancement T1WI.
The parotid gland is an extremely rare extramedullary site for the recurrence of ALL. Only 4 cases of leukemia involving the parotid glands have been reported (10, 11, 21) . Fukuzawa at al. demonstrated a leukemic infi ltration of the parotid gland using the Ga-67 imaging (10) . Obama at al. observed a diffuse involvement of leukemic cells in the parotid glands at autopsy (8) . To our knowledge, there is only one report of extramedullary relapse in the parotid gland demonstrated by MRI. Rhee at all reported a diffuse enlargement of the parotid gland and hyperintense T2-weighted images (12) . In our case, ultrasound and MRI showed a heterogeneous enlargement in the parotid glands. There were hypoechoic lymph nodes in the parotid glands. Intraparotid lymph nodes were hypointense on T1WI and hyperintense on T2WI.
Radiological imaging is very important in the detection of leukemic relapse because several pathologies mimic recurrence. Ultrasound and MRI are the best imaging modalities to evaluate the extramedullary relapse and these play a crucial role in an early detection (2, 17) . MR imaging is a standard method of evaluating suspicion of relapse because it provides a greater anatomical detail and resolution in the head and neck region and the central nervous system.
